Abstract-This work presents a novel broadband monopole antenna for digital video broadcasting-terrestrial (DVB-T) application. The proposed antenna consists of a multiple-ring radiating patch and a sleeve-shaped ground plane. The multiple-ring monopole is used to realize the antenna height reduction at a fixed operating frequency. It shows a wide operating 2.5 : 1 VSWR bandwidth of 408 MHz achieved by using an impedance-matching technique. The technique applies cutting a notch at the ground plane opposite to the microstrip line and adjusting the height of the sleeve-shaped ground. The proposed antenna can operate in the 463-871 MHz frequency range and cover the DVB-T operating bandwidth (470-862 MHz). The radiation pattern of the proposed antenna in the xy-plane is omni-directional with a peak antenna gain of 4.2 dBi.
INTRODUCTION
Digital Video Broadcasting-Terrestrial (DVB-T) system has been adopted by many countries, and this system is expected to replace all the conventional analog TV broadcasting systems in the near future.
This DVB-T system offers high-data-rate transmission, provides interactive services, and operates on small amounts of power. Due to their attractive wide bandwidth, simple structure and omnidirectional radiation pattern, monopole antennas are considered the potential candidates for applications of DVB-T [1] [2] [3] [4] . Several types of antennas have been developed to achieve the broad bandwidth that is needed for DVB-T applications. Such antennas are the monopole antenna with a concave shape in the ground plane [5] , sleeve monopole antenna [6] [7] [8] , and circularring monopole antennas [9] . This work presents a novel multiple-ring monopole antenna with a sleeve-shaped ground plane. This antenna is proposed for DVB-T signal reception in the UHF band (470-862 MHz).
The proposed broadband DVB-T monopole antenna has a VSWR greater than 60% in the frequency range of 470-862 MHz. The antenna performance including the frequency bandwidth and the radiation pattern is assessed numerically. The analytical results of this work demonstrate the suitability of the proposed antenna for DVB-T applications. 
ANTENNA DESIGN
The structure of the proposed antenna and conventional monopole antenna is shown in Fig. 1 . The proposed antenna consists of the multiple-ring radiating patch and a sleeve-shaped ground plane. The antenna is printed on an FR-4 substrate 0.8 mm thick with a relative permittivity of ε r = 4.4. A 50 Ω microstrip feed line is utilized to excite the monopole antenna. The area of the ground on the backside is 68 × 26 mm 2 .
It has a concave slot 23 × 14.5 mm 2 and sleeve-shaped ground of height h on the ground plane. The parameter h and concave slot are used to adjust the characteristic impedance of the antenna in order to increase its bandwidth. Figure 2 shows the simulated and measured return loss against frequency for the proposed antenna and conventional monopole antenna, which is expected to provide reliable results for proposed antenna. The bandwidth of conventional monopole antenna is narrow, but it can be improved by adding the extended metal line from the ground plane. Clearly, the generated two adjacent resonant modes form a wide operating band of roughly 61% (2. The fundamental mode used is about 500 MHz when investigating the effects of height (h) variation of the sleeve-shaped ground on bandwidth performance of return loss. Fig. 3 illustrates the proposed antenna with sleeve-shaped ground. The first two resonant modes are excited to effectively increase impedance bandwidth. Fig. 4 shows the simulated return loss against frequency for different concave width w and length l. With l = 23 mm and w = 14.5 mm, a satisfactory bandwidth, defined by 2.5 : 1 VSWR, of 408 MHz (463-871 MHz) or 61% centered at 665 MHz is obtained. The slot of sleeve-shaped ground plane is used to adjust impedance-matching. Changing the size of the slot in this proposed antenna is equal to adjust the gap between the antenna and the ground in conventional monopole antenna. The simulated input impedance results are shown in Fig. 5 . Figure 6 shows the measured gain of the proposed antenna. The measurement results demonstrated good antenna gain, and the proposed antenna gain varies from 1.3 dBi to 4.2 dBi over the DVB-T band. Fig. 7 shows the measured radiation pattern of proposed antenna at 470 and 860 MHz respectively. The radiation patterns for E θ polarization in the xy-plane are nearly omni-directional.
EXPERIMENTAL RESULTS

CONCLUSIONS
A novel multiple-ring monopole antenna with sleeve-shaped ground plane for application in DVB-T system has been successfully implemented in this work. The proposed antenna has a low-cost simple structure which can be fabricated easily. The proposed antenna is suitable for DVB-T applications. In this case, the proposed antenna generates two adjacent resonant modes to provide a wide operating bandwidth larger than 60% to cover the DVB-T band. The analytical results show omni-directional radiation characteristics for all the frequencies across the operating band.
